Abstract Urothelial carcinoma, or bladder cancer, is a malignancy that most commonly affects older patients. The median age at diagnosis is 73 years, and care of these patients requires consideration not just of the disease-related factors such as stage and histology, but also of patient-related factors. Many of these patients have concurrent medical morbidities and additional changes related to the aging process. Older patients with cancer are a unique population requiring additional considerations and assessment in treatment decision-making. It is important to look beyond chronologic age. The traditional treatment for advanced disease has relied on platinum-based chemotherapy. These multi-agent regimens require consideration of baseline organ function as well as competing conditions that may heighten toxicity. The advent of a new class of cancer therapeutics, the immune checkpoint inhibitors, has changed the care of patients with advanced disease considerably. These immunotherapeutics have been approved for treating patients with disease progression on chemotherapy, or those who are ineligible (or unfit) to receive cisplatin-based therapy. This expansion of the population of patients eligible for treatment has great applicability to the unique considerations in an older patient population. In general, these new immunotherapies are well tolerated and effective in this group of patients.
Introduction
Bladder cancer is a disease of the elderly, as 90% of all bladder cancer patients are over 55 years old, with a median age at diagnosis of 73 years [1] . This is a common cancer worldwide, and in the USA, there were an estimated 79,000 new cases in 2017, with almost 17,000 deaths [2] . Nearly three quarters of all cases diagnosed are non-muscle invasive tumors, and despite local treatment, there is a high rate of recurrence and progression to muscle invasive disease [3] . Tobacco use is the greatest risk factor in developing bladder cancer, contributing to 50% of all cases [4] . Bladder cancer is also termed urothelial carcinoma or transitional cell carcinoma; we will use these terms interchangeably. Bladder cancer is generally separated into ''invasive'' and ''non-muscle invasive or superficial'' disease. Patients with invasive disease may have localized and potentially curable disease or locally advanced and metastatic disease. For the purpose of this review, we will primarily focus on the treatment of advanced disease. For decades, the treatment of advanced bladder cancer has largely relied on platinum-based chemotherapy. Yet in the past year, there have been notable changes in the therapies for metastatic disease, as checkpoint inhibitors allowing for immune activation have shown activity in advanced stage disease. The incorporation of these novel therapeutics has had a major impact on the care of patients with bladder cancer, especially those thought to be more vulnerable or frail.
There are minimal data on the current care of older patients with advanced bladder cancer. Of the limited population-based studies available, there are a large proportion of patients who do not receive any systemic therapy [5] . It is unclear if this is due to patient preference to forgo anti-cancer therapy or a lack of physician willingness to prescribe a toxic anti-cancer therapy to a potentially vulnerable patient population. The lack of data on how these decisions are made is a gap in our current knowledge of the treatment of advanced bladder cancer in older patients. There are some data available in the general treatment of advanced disease, which we will apply to older patients. Through this review, we will focus on the basic approach to care of older patients with advanced bladder cancer and the available treatment options, with a focus on immunotherapy. This is a changing treatment landscape, and immunotherapy has significantly altered treatment options for vulnerable patients, such as frail older patients. In this unique and understudied population, we will summarize the current evidence and identify areas of needed additional study.
Approach to the Care of an Older Patient with Cancer
The bladder cancer population is at increased risk for comorbidities, and these comorbidities can influence the outcomes of surgery and choice of perioperative systemic therapy [6] . In part, this is often due to history of tobacco use, and thus the presence of multiple comorbid conditions can impact the approach and choice of cancer therapy. Patients with advanced bladder cancer are generally offered systemic therapy as palliative treatment. Clinical studies of efficacy and safety of therapeutics in general include patients who are much younger than average cancer patients [7] . In addition, bladder cancer patients may have organ dysfunction, such as kidney disease, based on the site of the primary tumor, which would preclude them from most clinical trial inclusion criteria. As a result, the available drug therapeutic trial data may be difficult to apply to older patients with comorbid conditions and altered organ function. A geriatric assessment can be used to help assess the potential impact of these factors on the older patient.
To determine which elderly patients are ''fit'' for treatment, the National Comprehensive Cancer Network (NCCN) recommends that all geriatric patients undergo a geriatric assessment to determine how well/if they can tolerate treatment for their cancer [8] . The main areas of assessment include demographic data, social support services, comorbidities, functional status, cognition, depression, nutrition, fatigue, polypharmacy, and various geriatric syndromes [9] . A geriatric assessment aids in identifying underlying geriatric syndromes or areas that may not be as evident in a standardized oncologic history, but are highly influential of a patient's global health. Older patients are a complicated and variable population and a comprehensive analysis of these listed domains allows for an improved understanding of a patient's health and healthcare needs in order to better inform a treatment plan. In approaching the care of an older patient with cancer, one must first consider their cognitive status and ability to participate in the care discussion. If patients are able to discuss their goals, and wish to proceed with therapy, the medical team must then assess their fitness for therapy based on multiple indicators. Aligning care with patient overall goals and values, treatment needs, and baseline health is a component of performing a geriatric assessment. This tailored approach to care planning would then allow for standard therapy in fit patients and modified therapies in less fit patients in order to avoid toxicities. Through the geriatric assessment, patients are identified as fit for standard (or unmodified) therapy, vulnerable and in need of modified therapy, or frail and likely to suffer harm with even modified therapy. Approaching the care of older patients through a geriatric assessment has been shown to be feasible and informative [10, 11] . Despite this, there are limited data specific to the population of older patients with bladder cancer.
Multiple resources exist to enable incorporation of geriatric assessment into practice as described by the International Society of Geriatric Oncology and NCCN older adult oncology guidelines [8, 12] . A geriatric assessment is a multicomponent evaluation of the global health and functioning of an older person. The full geriatric assessment is lengthy and extensive, and not necessary for every patient. To address these issues, several screening tools have been validated to use in the clinical setting. The most well-known and studied are the G8, Triage Risk Screening Tool (TRST), and Vulnerable Elder-13 Survey (VES-13). Any of these can be used to screen for further geriatric assessment; however, the G8 was identified to be ''equally or more sensitive'' in determining the need for further geriatric assessment when compared to the TRST, VES-13 and other less known screening tools in a recent review of geriatric assessment screening tools [12] [13] [14] [15] . If a patient is identified as vulnerable on one of these screens, the patient should undergo a full geriatric assessment to determine eligibility for treatment. This assessment may then identify areas that are in need of additional support or care, which if addressed would allow a patient to initiate therapy with less risk of harm. These screening tools are also more sensitive than the standard assessments [Eastern Cooperative Oncology Group (ECOG) and Karnofsky] in identifying functional deficits [16] . After an initial screen, most patients will have some mild comorbidities or functional deficits which increase their risk of complications from chemotherapy, but not to a degree in which there is a high probability of irreversible harm. Intervening prior to initiating chemotherapy may protect vulnerable patients from treatment toxicity. For example, reviewing medication lists and addressing polypharmacy, or referring patients to physical therapy (''prehab'') to avoid loss of functional independence are treatment modifications which can help mitigate treatment toxicity in vulnerable patients [17, 18] . While there are limited data in bladder cancer specifically, this approach has proven helpful in other populations [16, 19] .
In conclusion, the approach for the elderly patient with bladder cancer should start with a discussion with the patient about his/her diagnosis. If the patient is cognitively impaired or lacks capacity, this conversation should occur with the patient's designated decision-maker. This should then be followed by a goals-of-care discussion in order to determine if the patient would like to pursue treatment. If the patient would like to pursue treatment, the use of a geriatric assessment screening tool is the next appropriate step (followed by a full geriatric assessment if the patient fails the screening). Should the patient be determined to be ''fit'' for therapy or vulnerable but able to receive therapy with some intervention, the patient should be offered guideline appropriate therapy for their disease stage. In the past, vulnerable geriatric patients with bladder cancer had limited treatment options. Fortunately, developments in immunotherapy may open avenues for treatment in patients who previously would have been determined too vulnerable or frail for standard therapy.
Current Treatment for Muscle Invasive and Metastatic Disease
Muscle invasive bladder cancer has invaded the muscularis propria, resulting in at least T2, or stage II, disease. Stage II and III bladder cancer can still be cured with the use of multimodal approaches to therapy-generally surgery or radiation given in combination with some systemic therapy. These interventions, however, are high risk and require careful selection and consideration of patients. More advanced disease, or disease not amenable to local treatment, is rarely amenable to cure. Patients are then offered systemic therapy, which has traditionally been reliant on chemotherapy. In recent years, the development of inhibitors of checkpoints on the immune system (or immunotherapy) has led to the incorporation of another class of active systemic therapy for advanced disease.
Surgery and Radiation
Elderly patients are less likely to be offered definitive therapy with surgery or chemo-radiation than their younger counterparts [20] . Small studies over the past several years, however, have shown that patients should not be discounted from therapy because of their age alone and that definitive treatment is often under-utilized in the older population [21] . The main definitive therapy for muscle invasive disease, radical cystectomy, is a high-risk surgery regardless of age. When considering surgery, with or without neoadjuvant therapy, one must consider the total health of the patient. A retrospective study analyzing ''well-selected'' (based on physical exam, screening for cardiac and physical performance status, and routine preoperative studies) elderly patients with muscle invasive bladder cancer deemed to be cystectomy candidates concluded that there were similar rates of operative mortality and early/late complications when comparing the elderly patients with younger patients [22] . A review of complications following radical cystectomy in the elderly summarized that the elderly have increased perioperative morbidity and mortality following cystectomy [23] . Additionally, a retrospective analysis also came to the conclusion that 90-day mortality and morbidity remains relatively high at 9% in elderly bladder cancer patients undergoing cystectomy, but that Charlson Comorbidity Index and body mass index (BMI) were also predictive of complication development, implying that appropriate geriatric assessment could potentially decrease these risks [24] . For example, if a patient is able to adjust their nutrition in order to improve BMI, then they may have improved outcomes-a ''prehab'' approach. Alternatively, geriatric assessment that considers comorbidities and age could identify patients less likely to derive a survival benefit from a high-risk surgery. Patients in this subset may choose to focus on symptom management rather than curative resection. Thus, despite well-founded concerns for complications and mortality associated with bladder cancer treatment, data suggests that appropriately selected, ''fit'' elderly patients have similar mortality and complication rates to younger patients, and should be offered definitive treatment. A geriatric assessment will aid in defining the fitness of a patient as well as identifying areas of vulnerability in need of additional support or attention. Radiation is an option for patients not eligible for cystectomy, or who opt for organ preservation. Trimodal therapy of radiation given with radiosensitizing chemotherapy after an adequate resection of bladder tumor is an effective curative option for the treatment of muscle invasive disease. However, many studies still require that salvage cystectomy is a feasible option for patients treated with chemoradiation. Thus, this is still a treatment for healthier patients. Definitive therapy, whether surgery or radiation therapy, is underutilized in older patients as only half of patients over the age of 70 undergo curative-intent therapy [1, 25] . Yet data suggest an appropriately selected population derives similar benefit to younger patients undergoing chemotherapy and radiation [26] [27] [28] [29] [30] . Combined chemoradiation can be altered to allow for either a high chance of cure or long-term disease control. In a population with limited life expectancy due to comorbid conditions or chronologic age, a therapy which may palliate any symptoms of local disease and offer long-term control could prove useful [31] . As such, many elderly patients may benefit from chemoradiation without the additional risks of radical cystectomy. Clinicians mainly prescribe cisplatin as a chemosensitizer, but the trial by James et al. utilized fluorouracil (5FU) and mitomycin C, with a 5-year overall survival of 48% with combined modality therapy versus 35% with radiation alone [32] . In a single-institution evaluation of older patients treated with combined modality therapy, disease-specific survival was 60% at 5 years and 56% at 10 years [31] . This is a favorable comparison to radical cystectomy.
For non-metastatic, muscle-invasive cancers, therapy consists of either surgical resection through radical cystectomy or definitive radiation therapy. Neoadjuvant cisplatin-based chemotherapy has improved the survival rate and decreased the rate of relapse [33] . Combined modality therapy has also improved disease control rates in comparison to radiation alone. However, the ability to safely administer chemotherapy to many patients-due to tobacco-related comorbidities, and impairment of renal function-has long been a challenge in this complex patient population [34] . Cisplatin-based chemotherapy remains a cornerstone of these treatments, which can also result in considerable morbidity. Immunotherapy is under exploration in this disease stage as well, to be used in combination with definitive therapies in order to potentially decrease toxicities and improve outcomes.
Chemotherapy
The medical treatment of metastatic bladder cancer has changed little in recent decades. This is reflected by 5-year survival rates reported in the Surveillance, Epidemiology and End Results (SEER) database that have remained largely stable since the 1980s [2] . This is a chemotherapysensitive tumor that often responds initially to cytotoxic therapy and then recurs or progresses. Recently, an improved understanding of tumor biology and immunology has led to the development of a novel class of immunotherapies that have shown promise in advanced bladder cancer, expanding treatment options beyond cisplatin-combination therapy.
Currently, cytotoxic platinum-based chemotherapy is the foundation of metastatic bladder cancer therapy. These multi-drug combinations have changed little over decades. There are two primary regimens-methotrexate, vinblastine, adriamycin (doxorubicin), and cisplatin (MVAC) and gemcitabine and cisplatin (GC)-that have been used both in the neoadjuvant and metastatic settings. In the neoadjuvant setting, MVAC was shown to improve median overall survival from 44 to 77 months, and the rate of complete pathologic response to therapy at the time of cystectomy (pT0) also improved in the arm receiving neoadjuvant MVAC, from 15 to 38% (p \ 0.001) [33] . The MVAC regimen has also been shown to result in improved response rates and survival in comparison to single-agent cisplatin in the treatment of metastatic disease [35] . The regimen is notable for significant hematologic, gastrointestinal and infectious toxicities, but a dose-dense regimen has improved many of these toxicities and enhanced tolerability [36] [37] [38] . The dose-dense MVAC (ddMVAC) regimen shortened the treatment cycle from 4 to 2 weeks with mandated hematologic growth factor support and resulted in an improved overall response rate (62 vs 50%) and complete response rate (31 vs 9%) in comparison to traditional 4-week MVAC dosing [39] . As such, the dosedense approach allows for increased dose density and lower toxicity when given in combination with growth factor support, as well as improved responses and subsequent survival compared with the standard dosing schedule. Another cisplatin-based regimen is the combination GC, which in the stage IV setting has been shown to have a similar response rate to that of traditional MVAC (49 vs 45%), with a similar impact on survival (15.2 months MVAC vs 14.0 months with GC, p = 0.66) and has less high-grade hematologic toxicity [40] . There has not been a large-scale trial of GC in the neoadjuvant setting, but a single institution series compared GC to MVAC historical controls and found a pT0 rate of 26% with GC compared to the historical control rate of 28% with MVAC [41] . The authors of this institutional study applied an intention-to-treat analysis to the cooperative group study of neoadjuvant chemotherapy and included all patients who received MVAC (regardless of surgical status) and thus reported a revised pT0 rate of 28% in comparison to the reported 38% [33] . The GC regimen is in widespread use for advanced disease as well, and may be the most commonly used regimen in the USA [42] .
In an effort to avoid toxicity and preserve activity, many studies have evaluated the substitution of carboplatin for cisplatin [43] . In a single-institution, retrospective study, older patients receive carboplatin or cisplatin in similar rates, suggesting that many providers substitute carboplatin in practice [44] . In a cohort of cisplatin-ineligible patients, gemcitabine and carboplatin were compared to methotrexate, carboplatin and vinblastine and resulted in similar overall survival and less toxicity [45] . Additionally, providers unable to prescribe cisplatin to patients may also consider single-agent chemotherapy to palliate symptoms. Despite many attempts, there are no second-line chemotherapy agents approved by the Food and Drug Administration (FDA). Providers have offered taxanes or pemetrexed as agents that have exhibited activity and are tolerable [46, 47] . These single agents are likely more tolerable than combination therapy, but also have not demonstrated survival advantage in advanced disease. Newer immunotherapy agents have filled this gap as the first FDA-approved therapy for second-line treatment of bladder cancer. This class is tolerable and effective, showing a survival advantage in many of the reported second-line studies.
Chemotherapy use in older bladder cancer patients is limited by multiple factors. Cisplatin is known to cause nephrotoxicity, neurotoxicity, and ototoxicity. It is also a highly emetogenic therapy. Cisplatin is oftentimes the limiting factor in the ability to safely prescribe chemotherapy to patients with bladder cancer, as physicians must consider the patient's age-related comorbidities (hearing loss, renal dysfunction). In addition, as a tobaccorelated disease, patients may also have neuropathy or nephropathy due to vascular changes. Yet limited data suggest that older patients with bladder cancer derive similar benefit from chemotherapy as their younger counterparts and may tolerate the regimen well if they meet initial inclusion criteria [28, 29] . For patients with adequate organ function and physical function to tolerate chemotherapy, this remains a viable option in an older population. Yet, one must certainly monitor the impact of development of neuropathy on an older person's mobility and balance as this could lead to falls that result in added morbidity [48] . In addition, minimizing the impact of a highly emetogenic regimen relies on adequate hydration, a knowledge of how to take ''as needed'' medications appropriately, and additional resources to get to frequent clinical checkups. However, many patients will not be able to tolerate cisplatin or multi-agent chemotherapy. While there are altered chemotherapy regimens, many may forego therapy. Checkpoint immune therapy has expanded options for patients who may not be cisplatin-eligible but are otherwise interested in pursuing anti-cancer treatment.
Immunotherapy
In Table 1) . These medications affect the programmed cell death-1 (PD-1) pathway. When the PD-1 pathway is activated by the binding of programmed cell death ligand-1 (PD-L1), T-cell activity is inhibited, terminating the inflammatory response. PD-L1 expression also causes peripheral tolerance of tissue to the immune system [49] . When PD-L1 is expressed on tumor cells, it allows the tumor to go undetected by the immune system and escape destruction [50] . The immunotherapies approved thus far by the FDA for advanced urothelial carcinoma are monoclonal antibodies that block the interaction between PD-1 and PD-L1, allowing the immune system to detect tumor cells and stimulate an immune response against the tumor cells (Fig. 1) . Atezolizumab, avelumab, and durvalumab bind to PD-L1, blocking the interaction with PD-1 and B7.1; whereas nivolumab and pembrolizumab bind to the PD-1 receptor, blocking PD-L1 and PD-L2 from interacting with PD-1. Agents in this class are generally referred to as ''checkpoint inhibitors'' and are part of a new generation of therapeutics which harness the action of the immune system to impede tumor growth.
Atezolizumab
Atezolizumab was the first immunotherapy approved by the FDA for use in metastatic urothelial carcinoma. It was initially approved as second-line therapy following platinum-based chemotherapy based on a trial done by Rosenberg et al. [51] . This trial included patients aged 32-91 years, with a median of 66 years, who had an ECOG performance status of 0 or 1. In this trial, all patients, regardless of their PD-L1 status, had an objective response rate (ORR) of 15% in an unselected population. While there was no subgroup analysis done during the trial, patients with [ 5% of PD-L1-positive immune cells had an ORR of 26% [51] . The median age of patients in this study reflects the older age of bladder cancer patients, and enrollment of patients into their 90 s allows for some evaluation of the activity of this agent in older patients.
The FDA also approved atezolizumab for first-line use in platinum-ineligible patients. The definition of ''platinum ineligible'' refers to patients with impaired renal function, ECOG 2, hearing loss of [ 25 decibels, and/or grade 2 or greater peripheral neuropathy. In this trial, patients aged 51-92 years, with a median age of 73 years, and ECOG 0-2 received atezolizumab as first-line therapy, with an ORR of 23%. This is more reflective of the average patient with bladder cancer in that the age and performance status are higher, and most of these patients also had organ dysfunction precluding the use of cisplatin. They additionally reported the ORR in patients older than 80 years of age (25/119 patients) as 28% versus 23% in the entire study population [52] . The most common adverse events in the above trials were fatigue, nausea, decreased appetite, diarrhea, and pruritus. In both trials, grade 3/4 adverse events occurred in 16% of the patients, with the most common grade 3/4 adverse events being fatigue, transaminitis, and anemia. Immune-mediated adverse events (including colitis, pneumonitis, and transaminitis) occurred in 7% of patients who received atezolizumab following cisplatin therapy and 12% of patients who received atezolizumab as first-line therapy. This rate of significant adverse events is lower than rates generally seen in chemotherapeutic combinations and expands the treatments which may be offered to older, or more vulnerable, patients.
A later study, IMvigor 211, of atezolizumab compared to physician's choice of chemotherapy in patients who had progressed after platinum therapy enrolled 931 patients [53] . This study failed to meet its primary endpoint of longer overall survival in comparison to chemotherapy in patients with a large percentage of PD-L1 positive infiltrating immune cells. This is defined by the percentage of PD-L1 postivie immune cells (ICs) that are found in the tumor microenvironment. Thus IC2/3 indicates a large number of such infiltrative cells, as defined as at least 5%. However, exploratory analysis of the intention-to-treat population did reveal an overall survival at 12 months of 39.2% [95% confidence interval (CI) 34.8-43.7] with atezolizumab and 32.4% (28.0-36.8) with chemotherapy. The adverse event profile was similar to previous atezolizumab studies. The authors were unable to fully explain the lack of statistically significant benefit, but there is a general sense that the selection of a group of patients with overexpression of PD-L1 likely complicated the results. PD-L1 analysis is affected by variation from primary tumor and metastatic site analysis, requires a highly accurate PD-L1 assay, and entails a clear understanding of the predictive nature of the assay. The current understanding of proper assay and cutoff levels has not yet been determined for the field, and the results of this study illustrate the need for improved understanding of PD-L1 as a predictive and prognostic biomarker. Thus, while this study confirmed atezolizumab is a well-tolerated agent, interpretation of its use in comparison to chemotherapy remains complicated.
Nivolumab
Nivolumab was approved for use in urothelial carcinoma following platinum therapy based on the results of the Checkmate 275 trial [54] . In this trial, 265 patients aged 38-90 years, with a median age of 66 years, were evaluated for response to nivolumab. Notably, 110 patients were aged 65-75 years, 35 patients were aged 75-85 years, and three patients were older than 85 years, indicating that over half the patients were older than 65 years in the study. In this fit population (ECOG 0-1), the overall response rate based on radiographic analysis was 19.6%. An analysis of the correlation of response to PD-L1 status demonstrated that patients with [ 5% PD-L1 expression had an ORR of 28.4%, those with C 1% PD-L1 expression had an ORR of 23.8%, and those with \ 1% PD-L1 expression had an ORR of 16.1%. This study defined ''PD-L1 positivity'' differently from the IMvigor studies. Each trial discussed here uses slightly different definitions, which complicates the ability to compare response rates based on PD-L1 expression. Thus, at this time, there are no approvals based on PD-L1-selected patients and no guidelines suggesting that PD-L1 status should guide the use or avoidance of this class of therapy. In the Checkmate 275 study, there was no subgroup analysis based on age, but it did enroll patients reflective of the bladder cancer population. The most common adverse events were fatigue, pruritus, diarrhea, decreased appetite, and hypothyroidism. The most common grade 3 adverse events were fatigue or diarrhea, reported at 16%. There were no grade 4 adverse events; however, three patients died from treatment-related pneumonitis, acute renal failure, and cardiovascular failure, respectively [54] . With the increased use of these agents, we now understand that these autoimmune toxicities can be managed in many cases, but patients must be aware of warning symptoms and seek prompt care. Lack of familiarity on the part of the provider or patient can result in organ failure with potential life-threatening consequences. While understanding an older patient's overall health and support system through a geriatric assessment will aid providers in care planning, life-threatening autoimmune complications may still arise. Prompt management may prevent escalation of toxicity. 
Durvalumab
Durvalumab was approved as second-line therapy following platinum chemotherapy based on data from 191 patients aged 34-88 years (median 67 years) with ECOG scores of 0-1. Patients were enrolled into the urothelial carcinoma (UC) cohort of a phase I/II study of the activity of durvalumab in advanced solid tumors [55] . The study required submission of archival or fresh tumor tissue for PD-L1 testing and defined high as C 25% of tumor cells/tumor infiltrating immune cells staining for PD-1, and low as \ 25% staining for PD-1. PD-L1 expression was high in 98 of 191 (51.3%), low or negative in 79 of 191 (41.4%), and unknown in 14 of 191 (7.3%). In these patients, total ORR was 17.7%, ORR for patients with high PD-L1 tumors was 27.6%, and ORR for PD-L1 low/negative was 5.1%. There were seven complete responses and a median overall survival of 18.2 months after a median follow-up of 5.78 months (range in months of 0.4-25.9). Again, this trial enrolled patients with an average age reflective of the population, although the number of patients in the older age range was not described. The most common adverse reactions of all grades, occurring in [ 5% of patients, were fatigue, decreased appetite, diarrhea, rash, nausea, arthralgia, fever, and pruritus. Grade 3 or 4 adverse reactions occurred in 6.8% of patients. Two treatment-related deaths occurred in urothelial carcinoma patients receiving durvalumab, due to autoimmune hepatitis and pneumonitis, respectively [55] . Thus, while less toxic than chemotherapy, the risk of treatment-related adverse events is still present and largely due to the autoimmune toxicities associated with these checkpoint inhibitor therapies. Durvalumab is currently approved post-platinum therapy in the USA, but is not yet approved by the European Medicines Agency.
Pembrolizumab
Pembrolizumab was approved for second-line therapy in advanced urothelial carcinoma based on the results of the Keynote-045 trial [56] . Patients with progressive or recurrent disease despite platinum therapy were randomized to either receive pembrolizumab or the investigator's choice of chemotherapy (docetaxel, paclitaxel, or vinflunine). This is the only approved agent which has shown a statistically significant survival benefit when directly compared to chemotherapy. There were 542 patients enrolled, aged 26-88 years, with a median age of 67 and 65 years in the pembrolizumab and chemotherapy arms, respectively. ECOG scores were predominantly 0-1, though six patients in the study had an ECOG of 2. In the pembrolizumab arm, the ORR was 21.1% versus 11.4% in the chemotherapy arm. The responses were generally longlasting; an estimated 68% of responders to pembrolizumab were still responding after 12 months. Median overall survival in the total pembrolizumab population was 10.3 months compared to 7.4 months in the chemotherapy arm, with a hazard ratio (HR) of 0.73 (p = 0.002). In a subgroup analysis based on age, the overall survival was not statistically significant, with an HR of 0.75 (95% CI 0.53-1.05) in patients \ 65 years of age and 0.76 (95% CI 0.56-1.02) in patients C 65 years of age. Therefore, this therapy seems to have similar effect regardless of age. In looking at tolerability, there were fewer treatment-related adverse effects in the pembrolizumab group compared to chemotherapy as well as fewer grade 3-5 events. The most common adverse events in the pembrolizumab group were pruritus, fatigue, nausea, diarrhea, and decreased appetite. The only grade 3-4 adverse events that occurred more than twice were colitis and pneumonitis, and there was only one grade 5 adverse event (pneumonitis) [56] . Another trial, Keynote-052, led the FDA to approve pembrolizumab as first-line therapy in patients who were ineligible for cisplatin chemotherapy [57] . Cisplatin ineligibility was defined according to standard criteria [58] . In this single-arm, phase II trial, 370 patients with a median age of 74 years were treated with pembrolizumab. Notably, 42% of the patients had an ECOG of 2. The ORR was 29% at median follow-up of 7.8 months [59] . The subgroup of patients over 65 years had a response rate of 26% (95% CI 21-32) in comparison to a response rate of 30% (95% CI 18-43) in the younger patients. Nearly one quarter (24%) of patients had a response to therapy, and 23% had stable disease. The study was published with a relatively short follow-up interval, with 37% of patients still on therapy and 83% of responses ongoing. The most common grade 3 or 4 treatment-related adverse events were fatigue, elevated alkaline phosphatase, colitis and muscle weakness, occurring at a frequency of 2% or less. Ten percent of all patients enrolled experienced a serious treatment-related adverse event. One treatment-related death occurred as well, with notable immune complications. This study included a number of elderly patients, with only 18% of the patients enrolled less than 65 years old and 48% over 75 years. Despite enrolling a more vulnerable population, rates of adverse events were not increased, and this study did not uncover any new toxicity in comparison to other trials of pembrolizumab.
Avelumab
Avelumab is the most recent US-approved immunotherapy for advanced UC as a treatment option after platinum chemotherapy based on the UC cohorts in the JAVELIN Solid Tumor Trial [60] . There were 226 patients in the cohort, with a median age of 68 years and an ECOG of 0-1. Of these patients, the radiographic ORR at 13 weeks was 13.3% (30 patients). Of the 30 patients who had a response, 26 of those patients continued to have a response at 6 months. In patients 65 years or older, 14% (22/153) had a response at 13 weeks. The most common adverse events (occurring in [ 15% of patients) were fatigue, nausea, musculoskeletal pain, urinary tract infection, and decreased appetite. The most common grade 3-4 adverse reactions were fatigue, hypertension, urinary tract infection, anemia, hyponatremia, and musculoskeletal pain, with 59% of patients experiencing a grade 3 or 4 adverse event.
Of note, 14 patients receiving avelumab died from pneumonitis, sepsis, stroke, gastrointestinal events, or respiratory failure. Many of these deaths were likely attributable to disease progression rather than treatment toxicity. Additionally, 58% of patients 65 years of age or older experienced grade 3-4 adverse events, which was comparable to younger patients [60] . This is another agent with a prolonged duration of effect for those patients that initially respond. In a disease state where the median overall survival is 8 months when initiating second-line therapy, a continued response at 6 months is noteworthy.
Immunosenescence
One of the concerns with the approval of PD-L1 inhibitors is their efficacy and safety in the elderly population. There are concerns that these medications will not be as efficacious in this population because of the phenomena of immunosenescence, or the functional decline of the immune system as people age. Studies have shown that multiple aspects of the immune system change with age. These changes include and are not limited to a decrease in the number of dendritic cells, a decrease in dendritic cell phagocytic and migratory function, impaired naïve CD4? T-cell function, a decrease in CD8? naïve T cells, increased PD-1 expression, and several other changes [61] . Given this known decline in the immune system, there is concern that PD-L1 inhibitors, which utilize the patient's own immune system to kill cancer cells, will not be as effective in the elderly population. There are no specific data in these clinical populations, and thus far response rates seem similar. This will be an area of interest moving forward.
In terms of the efficacy of checkpoint inhibitors in older urothelial carcinoma patients, only the studies of atezolizumab, pembrolizumab, and avelumab included a subgroup analysis in patients [ 65 years. In each of these studies, it was determined that PD-L1 efficacy population rates were comparable in younger and older patients [52, 56] . Other studies of immune checkpoint point inhibitors in the elderly population, though in different cancers, have similar conclusions. In a meta-analysis of the use of PD-L1 inhibitors in older patients with melanoma, nonsmall cell lung cancer, or renal cell carcinoma, it was determined that there was a statistically significant survival benefit in patients aged 65-75 years compared to patients \ 65 years, but a non-statistically significant benefit in patients older than 75 years [62] . Additionally, a review of PD-L1 inhibitors in a variety of different malignancies concluded that the efficacy of these medications in elderly populations is likely comparable to that in the total population [63] . Small sample sizes currently limit data analysis and the ability to draw more broad conclusions. There are ongoing studies of immune checkpoint inhibitors in nearly every stage of bladder cancer therapy (non-invasive, muscle invasive perioperative, and advanced disease) (Fig. 2) . These should provide additional data on the older patients enrolled and their subsequent clinical course. Ultimately, more data are needed to better determine if there is a difference in the efficacy of these medications based on age, but at this time, it appears similar.
Cisplatin-Ineligible Patients
As noted previously, cisplatin is a highly toxic agent which is particularly difficult to administer to older patients. Studies of modified chemotherapy have produced results clearly inferior to cisplatin. Of note, the immune checkpoint inhibitor class of therapy has allowed for enrollment of patients not eligible for cisplatin therapy, with excellent results. The Keynote-052 and IMvigor 210 study specifically limited enrollment to patients ineligible for cisplatin. The natural process of aging is associated with reduced organ function. As such, renal dysfunction is a natural part of the aging process, the result of a reduction in creatinine clearance associated with age. Similarly, loss of hearing is also a known condition of aging, and may preclude the safe administration of cisplatin. Given these considerations, patients who are otherwise functional and in reasonable health, may not be eligible to receive highly effective cisplatin-based therapy. At the same time, patients with other areas of frailty or normal organ function, but reduced functional status may also not tolerate cytotoxic chemotherapy. The vulnerable population of patients enrolled in these cisplatin-ineligible studies is reflective of the population of older patients with urothelial carcinoma. The immune checkpoint inhibitor class appears to be an effective treatment option for a patient population with previously limited options.
Toxicity in an Older Population
There are fewer data on the adverse events of PD-L1 inhibitors specific to the elderly population in urothelial carcinoma patients. The JAVELIN trial was the only study that broke down the adverse event rate based on age, and reported that the frequency of grade 3-4 adverse reactions (58%) for older patients taking avelumab was similar to that of the total population [64] . Based on Keynote-045, immune checkpoint inhibitors appear less toxic than typical chemotherapy, which is encouraging [56] . Consequently, more patients may consider treatment as the potential risks and benefits become acceptable with immunotherapy. Some special considerations to the adverse event profile, however, should be noted in the elderly population. One of the most common side effects of all the PD-L1 inhibitors was diarrhea. The elderly are at significantly higher risk of experiencing symptoms of dehydration from diarrhea, leading to higher risk of falls and syncope than the general population. Also, the risk for infection was not insignificant, especially in atezolizumab and avelumab. Cases of urosepsis in the elderly population could be significantly more devastating compared to those in younger patients. Additionally, a case of immune-mediated pneumonitis/colitis has the potential to be more debilitating for the elderly in comparison to younger patients, as elderly Fig. 2 Urothelial carcinoma disease states and checkpoint immunotherapy approvals. BCG Bacillus Calmette-Guerin patients tend to decompensate rapidly while in the hospital and require more time for healing. We know that even ''non-serious'' grade 2 adverse events may be intolerable to an older population at higher risk of disequilibrium [65] . Lastly, the large majority of patients across all of these studies had ECOG scores of 0-1. The elderly population is more likely to be less functional than the general population. More data on the efficacy and safety of immunotherapy in patients with an ECOG of 2 would help determine if immunotherapy is a valid option for patients who have worse functional status at baseline.
Conclusion
The care of patients with bladder cancer is rapidly changing as the field incorporates immune system checkpoint inhibitors and looks at additional genomic targets for therapy. The use of platinum-based chemotherapy still holds a place. This is an effective treatment modality that can offer fairly quick symptom control in responsive patients. However, short-and long-term toxicity are oftentimes a barrier to safe administration. This is of special consideration in older patients who may have compromised organ function, physical function, or a lower personal threshold of acceptable treatment-related toxicity. Thus, the emerging immune therapy agents are likely to expand the population of patients receiving treatment for this common cancer. In summary, the FDA registration trials for many of these agents enrolled a generally older population and enrolled patients who would have previously been excluded based on cisplatin-ineligibility, and subgroup analysis of older patients revealed similar toxicity and efficacy profiles. While the care of older patients with cancer still requires adequate assessment and intervention of areas of vulnerability, immunotherapy should be considered as an active treatment for these patients.
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